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Description 

FIELD OF THE INVENTION 

[0001] The present Invention relates to embossing of 
paper, and particularly to decorative embossing of a sin- 
gle ply of tissue paper. 

BACKGROUND OF THE INVENTION 

[0002] Embossing is well known in the art. Embossing 
is a common technique used to join two plies of paper 
together in order to form a multi-ply laminate. The re- 
sulting laminate has properties, such as caliper, flexibil- 
ity, and absorbency, not attainable from a single ply hav- 
ing twice the basis weight of either constituent ply. 
[0003] The prior art teaches embossing two plies of 
paper together. Embossing is accomplished by one of 
several known embossing processes, such as knob-to- 
knob embossing or dual ply lamination. The foregoing 
processes are illustrated by commonly assigned U.S. 
Patents 3,414,459 issued Dec. 3, 1968 to Wells and 
5,294,475 issued March 1 5, 1 994 to McNeil, the disclo- 
sures of which patents are incorporated herein by refer- 
ence. Yet another embossing process for joining two 
plies together is nested embossing, as is well known in 
the art. 

[0004] With each of the foregoing embossing proc- 
esses, embossments are deflected out of the plane of 
the paper. Such deflection may desirably increase the 
caliper of that ply, and hence the laminate. Conventional 
embossing may increase caliper 25 to 1 35 percent as 
the emboss pressures deform the fibers out of the plane 
of the paper. 

[0005] By embossing out of the plane of the paper it 
is meant that the embossments extend outwardly from 
the original thickness of the unembossed paper. Thus, 
embossments which are deformed out of the plane of 
the paper extend outwardly from the surface of the pa- 
per thereby increasing its caliper. The aesthetic clarity 
of the embossed pattern is directly proportional to the 
magnitude of the out-of-plane deformation of these em- 
bossments. 

[0006] There is an associated loss in tensile strength 
caused by the out-of-plane embossments. A common 
through air dried substrate, such as that found in 
CHARM IN bath tissue sold by The Procter & Gamble 
Company of Cincinnati, Ohio, has suffered a 20 to 40 
percent tensile loss during conventional embossing 
processes. Additionally, prior art embossing often de- 
grades softness; The softness degradation is believed 
to be due to the tactile sensation caused by the out of 
plane embossments. 

[0007] Typical prior art embossing processes rely up- 
on a conventional rubber anvil roll and a steel pattern 
roll to form the aesthetic pattern. The aesthetic pattern 
results from the deformation of the fibers out of the plane 
of the paper when the plies are embossed against the 



deformable anvil roll. 

[0008] One prior art attempt to emboss an aesthetic 
pattern onto paper is illustrated by U.S. Patent 
5,436,057 issued July 25, 1995 to Schulz. As illustrated 
5 by Figures 13-14 of Schulz '057, this attempt requires 
embossing the paper out of its plane to form the em- 
bossments. 

[0009] A similar attempt in the art is illustrated by Eu- 
ropean Patent Application 0 668 152 A1 published Aug. 

10 23, 1 995 in the names of Kamps et al. Kamps et al. also 
suffers from the drawback, illustrated by Figure 1 0, that 
the sheets are embossed out of the plane of the paper. 
Neither Schulz '057 nor Kamps et al. suggests emboss- 
ing an aesthetic pattern within the plane of the paper. 

15 [0010] Other attempts in the art have utilized relatively 
high embossing pressures. However, such attempts are 
limited to joining multiple plies of paper together. For ex- 
ample, U.S. Patent 3,377,224 issued April 9, 1968 to 
Gresham et al. teaches embossing two plies of differen- 
ce tially creped paper together without adhesive. The proc- 
ess requires 1/32 inch square bosses. 
[0011] A similar attempt is found in U.S. Patent 
3,323,983 issued June 6, 1967 to Palmer et al Palmer 
et al. teaches an embossing process which fixes togeth- 

25 er plies of thin creped paper. Neither Gresham nor Palm- 
er et al. suggests embossing a single ply of paper. In- 
stead, each teaching limits the embossing process to 
joining together two or more plies of paper. 
[0012] US-A-3 478 141 discloses subjecting a poly- 

30 ethylene sheet to embossments by application of suffi- 
cient heat and sufficient pressure "to fuse the film fibrils 
together on the surface areas of the sheet to form trans- 
lucent windows directly beneath the tapered points and 
at the same time to lightly bond the film-fibrils in the re- 

35 maining areas of the sheet without fusing them". 

[0013] It furthermore addresses the problem of pre- 
paring non-woven sheets from continuous networks of 
film-fibrils elements. The object is to treat a non-woven 
film-fibril sheet to develop a sheet with a high resistance 

40 to abrasion, high resistance to delamination, and sof- 
tenability and therefore addresses a problem which has 
no connection with the problem solved by the invention, 
namely improving the embossing pattern of a single ply 
paper, without losing too much tensile strength, while 

45 increasing the modulus of this single ply paper. 

[0014] Moreover it indicates that one roll has a heat- 
conductive surface with bosses at a height of at least 
2.5 times the thickness of the sheet. If such a roll would 
be used on a single ply paper, it would produce out-of- 

50 plane embossments or perforations, which is contrary 
to the invention. It also indicates that the opposing roll 
has a resilient surface and that if the roll surface is too 
hard, sheet perforation is likely to occur. Using a resilient 
roll is also contrary to the invention. 

55 [0015] Commonly assigned European Patent Appli- 
cation WO 95/27429 filed April 12, 1995 in the names 
of Reinheimer et al. teaches a cellulose cloth comprising 
at least two layers. The layers are joined with an em- 
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bossed pattern of individual spot shaped impressions 
which deform and mutually connect the tissues of the 
cloth. The impressions are formed by embossed spots 
which originate from the outer layers of tissue and curve 
concavely inwardly. 5 
[0016] In contrast, embossing according to the 
present invention utilizes only a single ply of paper. The 
aesthetic pattern resulting from embossing the single 
ply lies within the plane of the paper. 
[0017] Furthermore, embossing according to the io 
present invention reduces the associated loss of tensile 
strength. The tensile strength loss associated with em- 
bossing according to the present invention is typically 
less than 1 0 percent, and in some cases less than 5 per- 
cent. 

[0018] Furthermore, the present invention decouples 
pattern clarity and the magnitude of the out-of-plane de- 
formation of the embossments. In the present invention, 
pattern clarity is not determined by the depth of the em- 
bossments. Instead pattern clarity is determined by the 
reflective nature of the embossments. Particularly, the 
embossments are often glassined and are more reflec- 
tive than the unembossed regions of the paper. 
[001 9] Embossing according to the present invention 
increases the modulus of the paper. The modulus, in 
grams per centimeter, is the slope of the stress/strain 
curve of the paper as it is loaded in a tensile testing ma- 
chine at a constraint elongation rate of one inch per 
minute, using a two inch gage length and a four inch 
sample width. The slope is measured at a load of 15 
grams per centimeter of sample width. 
[0020] Accordingly, it is an object of the present inven- 
tion to provide an embossed paper which does not have 
out-of-plane embossments. It is also an object of the 
present invention to provide an embossed paper which 
does not suffer an undue loss of tensile strength as a 
result of the embossing process. 
[0021] It is further an object of the invention to provide 
a single ply of paper having a visually distinctive em- 
bossed pattern. It is finally an object of the invention to 
decouple the clarity of the emboss pattern from the 
depth of the embossment. 

SUMMARY OF THE INVENTION 

[0022] The invention comprises a single ply of paper 
having two sides, a first side and a second side opposed 
thereto. The first and second sides of the paper are sep- 
arated by the thickness thereof. The paper is embossed 
to have embossments. The embossments extend in- 
wardly from the first side of the paper, towards the sec- 
ond and the opposed side of the paper. The emboss- 
ments do not extend outwardly from either side of the 
paper. 

[0023] The paper may also have embossments ex- 
tending inwardly from the second side of the paper. If 
the paper is provided with embossments extending in- 
wardly from the second side, such embossments, like- 



wise, do not extend outwardly from the paper. The em- 
bossments on the second side of the paper may either 
be registered with or offset from the embossments on 
the first side of the paper. 

[0024] Preferably, the embossments comprise glass- 
ined regions in the paper. Glassined regions have a gen- 
erally increased reflectivity and provide an aesthetic 
benefit. 

[0025] Preferably, the surface topography of the un- 
embossed regions of the paper is relatively fine com- 
pared to the size of the embossments, so that aesthetic 
clarity is maintained. 



Figure 1 is a schematic side elevational view of an 
apparatus for embossing paper according to the 
present invention. 

Figure 2 is an enlarged fragmentary view of Figure 
1, illustrating embossments which lie within the 
plane of the paper. 

Figure 3 is a schematic side elevational view of an 
apparatus for embossing paper according to the pri- 

* lor art. 

Figure 4 is an enlarged fragmentary view of Figure 

* 3, illustrating the out-of-plane embossments which 
do not lie within the plane of the paper. 

Figure 5 is a top plan view of an embossing pattern 
having four sizes of repeating units, and showing 
the largest repeating unit centered in the nip. 

DETAILED DESCRIPTION OF THE INVENTION 

[0027] Referring to Figures 1 -2, the present invention 
comprises paper 10 and more particularly a single ply 1 
of paper 1 0. The single ply of paper 1 0 has two opposed 
sides, a first side 12 and a second side 14. The paper 
10 has a thickness T defined by the distance between 
the opposed first and second sides 12, 14. 
[0028] The paper 10 according to the present inven- 
tion is commonly described as and useful for facial tis- 
sue, bath tissue, paper towels, dinner napkins, wet 
wipes, handkerchiefs, and a variety of related uses. One 
of ordinary skill will be able to adapt the paper 1 0 of the 
present invention to the desired end use. 
[0029] The plane of the paper 10 defines its X-Y di- 
mensions. Perpendicular to the X-Y dimensions of the 
paper 1 0 and to the plane of the paper 1 0 is the Z-direc- 
tion of the paper 1 0. The thickness T of the paper 1 0 is 
measured in the Z-direction. 

[0030] The paper 10 further has embossments 20. 
Embossments 20 refer to regions in the paper 10 which 
have been subjected to densification or are otherwise 
compacted. The fibers comprising the paper 10 in the 
embossments 20 are preferably permanently and more 
tightly bonded together than the fibers in the regions of 
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the paper 10 intermediate the embossments 20. The 
embossments 20 may be glassined. Preferably the em- 
bossments 20 are distinct from one another, although, 
if desired, the embossments 20 may form an essentially 
continuous network. 

[0031] In contrast to the prior art embossing process 
illustrated by Figures 3-4, the embossments 20 of the 
present invention do not extend outwardly beyond the 
plane defined by the two opposed sides of the paper 1 0. 
The embossments 20 extend inwardly from either the 
first side 12 of the paper 10, the second side 14 of the 
paper 1 0, or both as illustrated by Figures 1 -2. If the em- 
bossments 20 extend inwardly from both sides 12, 14 
of the paper 10, the embossments 20 on one side 12 
may either be registered with or offset from the emboss- 
ments 20 extending inwardly from the other and oppo- 
site side 1 4 of the paper 1 0. 

[0032] It is to be recognized that two single plies of 
paper 1 0, either or both of which are made according to 
the present invention, may be joined together in face- 
to-face relationship to form a laminate. Such joining and 
use of a plurality of single plies of paper 10 according 
to the present invention does not remove the paper 10 
from the scope of the appended claims. 
[0033] The substrate which comprises the paper 10 
according to the present invention may be convention- 
ally dried, using one or more press felts. If the substrate 
which comprises the paper 10 according to the present 
invention is conventionally dried, it may be convention- 
ally dried using a felt which applies a pattern to the paper 
10 as taught by commonly assigned U.S. Patent 
5,556,509 issued Sept. 17, 1996 to Trokhan et al. and 
PCT Application WO 96/0081 2 published Jan. 1 1 , 1 996 
in the names of Trokhan et al, the disclosures of which 
are incorporated herein by reference. 
[0034] Preferably, the substrate which comprises the 
paper 10 according to the present invention is through 
air dried. A suitable through air dried substrate may be 
made according to commonly assigned U.S. Patent 
4,1 91 ,609, the disclosure of which is incorporated here- 
in by reference. 

[0035] More preferably, the substrate which compris- 
es the paper 10 according to the present invention is 
through air dried on a belt having a patterned frame- 
work. The framework preferentially imprints a pattern 
comprising an essentially continuous network onto the 
paper 10 and further has deflection conduits dispersed 
within the pattern. The deflection conduits extend be- 
tween opposed first and second surfaces of the frame- 
work. The deflection conduits allow domes to form in the 
paper 10 according to the present invention. The belt 
according to the present invention may be made accord- 
ing to any of commonly assigned U.S. Patents 
4,637,859 issued Jan. 20, 1987 to Trokhan; 4,514,345 
issued April 30, 1 985 to Johnson et al.; 5,328,565 issued 
July 12, 1994 to Rasch et al.; and 5,334,289 issued Au- 
gust 2, 1994 to Trokhan et al., the disclosures of which 
patents are incorporated herein by reference. 



[0036] The through air dried paper 1 0 made according 
to the foregoing patents has a plurality of domes dis- 
persed throughout an essentially continuous network 
region. The domes extend generally perpendicular to 

5 the paper 1 0 and increase its caliper. The domes gen- 
erally correspond in geometry, and during papermaking 
in position, to the deflection conduits of the belt de- 
scribed above. The domes protrude outwardly from the 
essentially continuous network of the paper 10 due to 

w molding into the deflection conduits during the paper- 
making process. By molding into the deflection conduits 
during the papermaking process, the regions of the pa- 
per 10 comprising the domes are deflected in the Z-di- 
rection. For the embodiments described herein, such a 

15 paper 1 0 may have at least 300 domes per square inch, 
although this figure is dependent upon the size of the 
embossments 20. Preferably, if the paper 10 has 
domes, or other prominent features in the topography, 
each embossment 20 in the paper 10 has an area at 

20 least 10 times and more preferably at least 100 times 
as great as the area of the dome or other prominent fea- 
ture in the topography. 

[0037] If a paper 1 0 having such domes is selected 
for the present invention, the domes may extend out- 

25 wardly from a first side 1 2 of the paper 1 0, and the em- 
bossments 20 extend inwardly from either side of the 
paper 1 0. However, preferably, the embossments 20 ex- 
tend inwardly from the second side 14 of the paper 10. 
[0038] The paper 1 0 according to the present inven- 

30 tion and having domes may be made according to com- 
monly assigned U.S. Patents 4,528,239 issued July 9, 
1985 to Trokhan; 4,529,480 issued July 16, 1985 to 
Trokhan; 5,245,025 issued Sept. 14, 1993 to Trokhan 
et al.; 5,275,700 issued Jan. 4, 1994 to Trokhan; 

35 5,364,504 issued Nov. 15, 1 985 to Smurkoski et al.; and 
5,527,428 issued June 18, 1996 to Trokhan et al, the 
disclosures of which patents are incorporated herein by 
reference. 

[0039] Several variations in the substrate used for the 
40 paper 1 0 according to the present invention are feasible 
and may, depending upon the application, be desirable. 
The substrate which comprises the paper 10 according 
to the present invention may be creped or uncreped, as 
desired. The paper 1 0 according to the present inven- 
ts tion may be layered. Layering is disclosed in commonly 
assigned U.S. Patents 3,994,771 issued Nov. 30, 1976 
to Morgan et al.; 4,225,382 issued Sept. 30, 1980 to 
Kearney et al.; and 4,300,981 issued Nov. 17, 1981 to 
Carstens, the disclosures of which patents are incorpo- 
50 rated herein by reference. 

[0040] To further increase the soft tactile sensation of 
the paper 10, chemical softeners may be added to the 
paper 1 0. Suitable chemical softeners maybe added ac- 
cording to the teachings of commonly assigned U.S. 
55 Patents 5,217,576 issued June 8, 1993 to Phan and 
5,262,007 issued Nov. 16, 1993 to Phan et al, the dis- 
closures of which patents are incorporated herein by ref- 
erence. Additionally, silicone may be applied to the pa- 
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per 10 according to the present invention as taught by 
commonly assigned U.S. Patents 5,215,626 issued 
June 1, 1993 to Ampulski et al. and 5,389,204 issued 
Feb. 14, 1995 to Ampulski, the disclosures of which pat- 
ents are incorporated herein by reference. The paper 5 
10 may be moistened, as disclosed in commonly as- 
signed U.S. Patent 5,332,118 issued July 26, 1994 to 
Muckenfuhs, the disclosure of which patent is incorpo- 
rated herein by reference. 

[0041] Referring backto Figure 2, embossing accord- 
ing to the present invention may be accomplished utiliz- 
ing two cylindrical, axially parallel rolls 30, 32 juxtaposed 
to form a nip therebetween. The first roll is a pattern roll 
30 and has protuberances 34 extending radially out- 
wardly from the periphery of the roll 30. The second roll 
is an anvil roll 32 and has a surface which is smooth to 
the naked eye. Preferably the anvil roll 32 has a ma- 
chined surface with a finish of 32 microinches per inch 
or less. 

[0042] Neither the pattern roll 30 nor the anvil roll 32 
deforms during the embossing process according to the 
present invention. While some theoretical deformation 
in response to an applied load may be predicted, the 
pattern and anvil rolls 30, 32 are sufficiently non-deform- 
able and rigid to obviate deformation which permits out- 
of-plane, embossments 20 to be formed in the paper 1 0. 
The anvil roll 32 may be a crown roll. 
[0043] Each of the rolls 30, 32 is preferably steel and 
more preferably hardened, although any relatively non- 
deformable, rigid material may be used. If the rolls 30, 
32 are steel, each roll 30, 32 should have a Rockwell C 
hardness of 20-25. Preferably, for maximum life, the 
rolls 30, 32 have a hardness of at least Rockwell C 50 
and more preferably at least Rockwell C 58. 
[0044] A rubber anvil roll 32, as illustrated by Figure 
4, and is known in the prior art, should generally not be 
used. Prophetically, in a less preferred embodiment, a 
very hard rubber roll, such as a rubber roll having a hard- 
ness of less than 10 P&J, measured with a 1/8 inch di- 
ameter ball,- might be suitable for some applications. 
[0045] Regardless of the materials used for construc- 
tion, the anvil roll 32 must not deform during the em- 
bossing process. If deformation of the anvil roll 32 oc- 
curs, out of plane embossments will be formed in the 
paper 10 and loss of tensile strength will result. 
[0046] One or both of the anvil roll 32 and pattern roll 
30 may be internally heated. Prophetically, heating the 
anvil roll 32 and pattern roll 30 helps to achieve a glass- 
ined embossment 20 in the resulting paper 10. 
[0047] With continuing reference to Figure 2, the rolls 
30, 32 may have a diameter of 8 to 30 inches, and pref- 
erably a diameter of 18 to 24 inches, with a 1 0 inch di- 
ameter having been found suitable. The rolls 30, 32 may 
have a length, taken in the axial direction, of eight inch- 
es. Preferably the rolls 30, 32 are wider than eight inches 
in order to accommodate commercial manufacturing. 
Prophetically rolls 30, 32 having a width of 80 inches or 
more are feasible. 



[0048] The pattern roll 30 and anvil roll 32 are diamet- 
rically loaded together along the plane connecting the 
centers of the rolls 30, 32. The rolls 30, 32 may be load- 
ed together by pneumatic or preferably hydraulic load- 
ing cylinders. Preferably there is one loading cylinder at 
each end of the roll or rolls 30, 32 to be pneumatically 
loaded. Preferably the pattern roll 30 is stationary and 
the anvil roll 32 is loaded, although if desired, the oppo- 
site arrangement could be used. Alternatively, each roll 
30, 32 could be pneumatically loaded and biased to- 
wards the other roll 30, 32. Load cells may be placed 
under each roll 30, 32 to equalize the loading across the 
nip and allow for monitoring pressure fluctuations during 
embossing. 

[0049] Embossing according to the present invention 
occurs at an embossing pressure of at least about 1 ,000 
psi, and preferably 1 ,000 to about 1 0,000 psi, and more 
preferably about 3,000 to about 5,000 psi. The desired 
embossing pressure is dependent upon the substrate, 
particularly the caliper, surface topography and furnish 
of the paper 1 0 to be embossed. As the surface texture 
topography increases, generally greater embossing 
pressure are required according to the present inven- 
tion. 

Embossing Pressure ^ 

[0050] The embossing pressure is determined by the 
following formula: 

EP = AL/(NA x PLA), 

wherein 

EP is the embossing pressure, . / 
AL is the applied load, 
NA is the nip area, and 
PLA is the pattern land area. 

[0051 ] The applied load is the sum of the weight of the 
upper embossing roll (either the pattern roll 30 or the 
anvil roll 32 as the case may be) and the pressure ap- 
plied through the loading cylinders used to compress the 
pattern roll 30 and anvil roll 32 together. If the loading 
plane connecting the centers of the anvil roll 32 and pat- 
tern roll 30 is not vertical, only the vertical component 
of the weight of the upper embossing roll 30, 32 (which 
is applied to the paper 10) is considered in determining 
the applied load. 

[0052] The nip area is the multiple of the nip width NW 
and the width of the pattern roll 30 or anvil roll 32. The 
width of the paper 1 0 is taken parallel to the axes of the 
pattern roll 30 and anvil roll 32. The nip width NW is tak- 
en parallel to the machine direction, as shown in Figure 
5. 

[0053] The nip width NW is dependent upon the pres- 
sure used to load the two rolls 30, 32 together, the thick- 
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ness T of the paper 1 0, any flattening of the rolls 30, 32 
or protuberances 34 in the nip, and the diameter of the 
rolls 30, 32. The nip width NW may be empirically de- 
termined, as is known in the art, by inserting carbon pa- 
per in the nip between the rolls 30, 32. The rolls 30, 32 
are then loaded to the desired pressure. The nip width 
NW is then measured from the carbon paper. Suitable 
carbon paper can be obtained in a Nip Impression Kit 
from the Manhattan Division of Beloit Corporation of Be- 
loit, Wl. 

[0054] The nip width NW is found without the paper 
1 0 to be embossed interposed between the rolls 30, 32. 
Instead, only the suitable carbon paper is utilized in de- 
termining nip width NW. 

[0055] To determine nip width NW, the rolls 30, 32 are 
rotated to the desired position, described below, for the 
nip width NW measurement. Once the rolls 30, 32 are 
in the desired position, they are loaded together with the 
pressure utilized for the process according to the 
present invention. Such loading creates a nip impres- 
sion on the carbon paper. This impression is measured 
in the machine direction, using any suitable scale, to 
give the nip width NW. Suitable scales, having 1/32 inch 
resolution, are available from the Starrett Company of 
Athol, Massachusetts. 

[0056] Referring to Figure 5, when the nip width NW 
is found, the rolls 30, 32 are rotated to the desired po- 
sition, so that a repeating unit 40 of the pattern roll 30 
is centered on the nip. The exampie of Figure 5 illus- 
trates diamond and circular shaped repeating units 40, 
although it will be recognized that any desired shape of 
repeating unit 40 can be used in accordance with the 
present invention. 

[0057] If the pattern roll 30 has more than one size of 
repeating unit 40, the largest repeating unit 40 having 
the largest size is centered in the nip for the nip width 
NW determination. The size of the repeating unit 40 is 
only considered in the machine direction when deter- 
mining the nip width NW. If two (or more) repeating units 
40 have the same largest size in the machine direction, 
then the repeating unit 40 having the larger size in the 
cross machine direction is used for determining the nip 
width NW. If two pattern rolls 30 are used, the pattern 
roll 30 having the largest repeating unit 40 is used for 
the nip width determination. 

[0058] As noted above, the pattern roll 30 has an as- 
sociated pattern land area. The pattern land area is de- 
termined by the area of the distal ends 36 of the protu- 
berances 34. The pattern land area is the percentage of 
the pattern roll 30 surface area which actually contacts 
the paper 1 0 during embossing. This percentage corre- 
sponds to the cumulative surface area of the distal ends 
36 of the radially extending protuberances 34 as a per- 
centage of the surface area of the balance of the pattern 
roll 32. 

[0059] Preferably the pattern land area comprises 
from about 2 to about 20 percent, and more preferably 
from about 3 to about 1 0 percent of the surface area of 



the pattern roll 30. The pattern land area may be math- 
ematically determined, knowing the geometry of the 
rolls 30, 32 and the distal ends 36 of the protuberances 
34. 

5 [0060] Preferably the embossing pattern defined by 
the protuberances 34 comprises a series of discrete pro- 
tuberances 34, rather than a continuous line. Discrete 
protuberances 34 are less likely to cut the paper 1 0 than 
protuberances 34 comprising a continuous line. 
10 [0061] The pattern land area has an associated pat- 
tern land width. The pattern land width is the narrowest 
dimension of the distal end 36 of the protuberance 34. 
Preferably the pattern land width is at least about 0.020 
inches and more preferably at least about 0.030 inches. 
15 |f the pattern land width is less than that specified above, 
the pattern roll 30 will cut the paper 10. Cutting will par- 
ticularly occur with paper 10 manufactured as a tissue 
product, even at relatively lower embossing pressures, 
such as 2,000 psi, with pattern land widths narrower 
20 than that specified above. The protuberances 34 may 
radially extend 0.010 to 0.070 inches, and preferably 
about 0.025 inches outwardly from the periphery of the 
pattern roll 30. 

[0062] In operation, the process according to the 
25 present invention may be accomplished by providing 
two axially parallel rolls 30, 32 juxtaposed together to 
form a nip therebetween. Each of the rolls 30, 32 has 
an axis. Each roll 30, 32 is rotatable about its axis. The 
axes of the rolls 30, 32 define a loading plane which con- 
30 nects the centers of the rolls 30, 32. 

[0063] Each of the rolls 30, 32 is relatively incom- 
pressible, and is preferably steel. At least one of the rolls 
30 has a plurality of protuberances 34 extending radially 
outwardly therefrom. Each protuberance 34 has a distal 
35 end 36. The other roll 32 may be relatively smooth. 
[0064] The rolls 30, 32 are diametrically loaded to- 
gether along the loading plane connecting the centers 
of the rolls 30, 32. The rolls 30, 32 are loaded together 
with an embossing pressure of at least about 1 ,000 psi, 
40 as measured at the distal ends 36 of the protuberances 
34. 

[0065] A single ply of paper 1 0 is also provided. Gen- 
erally, a single ply of paper 10 having a relatively high 
caliper and a relatively high basis weight is preferred, 
45 so that the aesthetic clarity of the embossments 20 is 
maximized. Also, preferably the single ply of paper has 
a relatively f ine surface topography compared to the pat- 
tern of the desired embossments 20. More preferably 
the surface topography is determined by the size of de- 
50 flection conduits used in a through air drying papermak- 
ing belt used to make the paper 10. 
[0066] The paper 1 0 has opposed first and second op- 
posed surfaces 12, 14 which are separated in the Z-di- 
rection by the thickness T of the paper 10. The paper 
55 1 o is interposed in the nip between the rolls 30, 32. Each 
roll 30, 32 is rotated about its respective axis, whereby 
the paper 10 is transported relative to the rolls 30, 32 
through the nip. 
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[0067] The paper 1 0 is embossed in the nip to provide 
a plurality of embossments 20 corresponding to the dis- 
tal ends 36 of the protuberances 34. The bottom of the 
embossment 20 is disposed between the first and sec- 
ond surfaces 1 2, 1 4 of the paper 1 0. The embossments 
20 do not extend outwardly from the plane of the paper 
10. Preferably the embossments 20 are glassined. 

Example I 

[0068] The process according to the present invention 
has been found to work well with a smooth anvil roll 32 
and a pattern roll 30 having 28 discrete protuberances 
34 per square inch. Each protuberance 34 was ellipti- 
cally shaped and had major and minor axes of 0.080 
inches and 0.040 inches, respectively. The protuberanc- 
es 34 were spaced on a 45° pitch of 0.117 inches. The 
rolls 30, 32 had a ten inch diameter, a pattern land area 
of 8 percent, and were loaded to a nip width NW of 0. 1 8 
inches under an embossing pressure of 5,300 psi. 
[0069] The single ply of paper 1 0 was made according 
to commonly assigned U.S. Patent 4,1 91 ,609, issued to 
Trokhan and incorporated herein by reference. This pa- 
per 10 had approximately 1450 bilaterally staggered 
domes per sq uare inch. The paper 1 0 had a basis weight 
of 1 8 pounds per 3,000 square feet and a tri-layered fur- 
nish of nominally 35% eucalyptus in the two outer layers 
and 30% in the central layer. The resulting emboss- 
ments 20 were glassined and had a pleasing and dis- 
tinctive aesthetic clarity relative to the background of the 
paper 10. 

Example II 

[0070] This experiment was repeated with a single ply 
of paper 10 made according to commonly assigned U. 
S. Patent 4,637,859. The paper 10 had a bow-tie 
shaped pattern of approximately 78 domes per square 
inch. This single ply of paper 1 0 was not acceptably em- 
bossed according to the present invention. The same 
embossing pattern which worked well in the previous ex- 
ample was neither distinct from the background, nor 
aesthetically pleasing in this example. 
[0071] Alternatives to the process described above 
are within the scope of this invention. For example, if 
one wished to produce a paper 10 according to the 
present invention having embossments 20 which ex- 
tend inwardly from both the first side 12 and the second 
side 14 of the paper 10, wherein the embossments 20 
are offset from one another, one could substitute the du- 
al ply lamination rolls 30 disclosed in the aforemen- 
tioned incorporated U.S. 5,294,475 patent issued to Mc- 
Neil for the rolls 30, 32 described above. The rolls 30 in 
the McNeil '475 patent each have radially extending pro- 
tuberances 34. The radially extending protuberances 34 
of each roll contact the periphery of the other roll 32, 30. 
[0072] If one desires to produce a paper 1 0 according 
to the present invention having embossments 20 ex- 



tending inwardly from the first side 12 and the second 
side 14, wherein the embossments 20 are registered 
with one another, one could use the knob-to-knob em- 
bossing process disclosed in the aforementioned incor- 

5 poratedU.S. Patent 3,41 4,459 issued to Wells. Eachroll 
30 in the Wells '459 patent also has radially extending 
protuberances 34. The radially extending protuberanc- 
es 34 of one roll 30 contact the radially extending pro- 
tuberances 34 of the other roll 30. 

10 [0073] Alternatively, if one wishes to avoid the use of 
rolls 30, 32 altogether for embossing according to the 
present invention, one may use flat plates for the em- 
bossing process. One flat plate serves as an anvil plate. 
The other flat plate is patterned as described above. As 

15 discussed above relative to the rolls 30, 32, the plates 
should be rigid and non-deformable. The plates are pref- 
erably maintained mutually parallel and are loaded to- 
gether in the direction perpendicular to at least one of 
the plates. A flat plate embossing process suffers from 

20 the disadvantage it entails a batch process, rather than 
the continuous process described above. But, prophet- 
ically a flat plate embossing process provides the ad- 
vantage of greater contact time with the paper 10, there- 
by improving the aesthetic distinction of the emboss- 

25 ments 20. 



Claims 

30 1. A process for embossing a single ply of paper (10), 
said process comprising the steps of: 

providing two axially parallel rolls (30 ; 32) jux- 
taposed to form a nip therebetween, each of 

35 said rolls having an axis, said axes of said rolls 

defining a loading plane connecting the centers 
of said rolls, at least one of said roils having a 
plurality of protuberances (34) extending radi- 
ally outwardly therefrom to a like plurality of dis- 

40 tal ends (36), each of said rolls being relatively 

incompressible; 

loading said rolls together in said loading plane 
with an embossing pressure of at least 1,000 
psi at the distal ends of said protuberances; 
45 providing a single ply of paper (10) having op- 

posed first and second sides (12 ; 14) separat- 
ed by the thickness of said paper; 
interposing said paper in said nip between said 
rolls; 

so rotating each of said rolls about its respective 

axis, whereby said paper is transported relative 
to said rolls; and 

embossing said paper to provide a plurality of 
inwardly extending embossments (20) corre- 
55 sponding to said distal ends of said protuber- 

ances, said embossments (20) being interme- 
diate said first side (12) and said second side 
(14) of said paper, whereby said embossments 
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(20) do not extend outwardly beyond either said 
side (12; 14) of said paper. 

A process according to Claim 1 wherein one of said 
rolls (30) has protuberances (34) extending there- 
from and one of said rolls (32) has a relatively 
smooth surface and preferably said step of emboss- 
ing said paper produces paper having emboss- 
ments (20) extending unidirectionally inwardly from 
one said side of said paper. 

A process according to Claim 1 wherein said paper 
(10) is through air dried, and has domes extending 
outwardly from said first side of said paper, and pref- 
erably said paper is interposed in said nip with said 
domes oriented away from said protuberances (34), 
whereby upon embossing said embossments (20) 
extend inwardly from said second side (14) of said 
paper. 

A process for embossing a single ply of paper (1 0), 
said process comprising the steps of: 

providing two axially parallel rolls (30 ; 32) jux- 
taposed to form a nip therebetween, each of 
said rolls having an axis, said axes of said rolls 
defining a loading plane connecting the centers 
of said roils, each of said rolls having a plurality 
of protuberances (34) extending radially out- 
wardly therefrom, each said protuberance ter- 
minating a distal end (36); 
loading said rolls (30 ; 32) together in said plane 
to provide an embossing pressure of at least 
1 ,000 psi at the distal ends (36) of said protu- 
berances; 

providing a single ply of paper (10) having two 
opposed sides, a first side (12) and a second 
side (14), said first side (12) and said second 
side (14) being separated by the thickness of 
said paper; 

interposing said paper (10) between said rolls 
(30 ; 32) in said nip ; 

rotating each of said rolls about its respective 
axis, whereby said paper is transported relative 
to said rolls; and 

embossing said paper (1 0) to provide a first plu- 
rality of said embossments (20) extending in- 
wardly from said first side (12) of said paper to- 
wards said secon d side (1 4), of said paper, and 
a second plurality of said embossments (20) 
extending inwardly from said second side (14) 
of said paper towards said first side (1 2) of said 
paper, whereby said embossements do not ex- 
tend outwardly beyond either said side. 

5. The process according to Claim 4 wherein said pro- 
tuberances (34) of each said roll (30 ; 32) contact 
the periphery of the other said roll at said nip , where- 



in upon embossing said paper (1 0) said first plurality 
of embossments (20), and said second plurality of 
embossments (20) are mutually offset from each 
other, and preferably said embossing pressure is at 
5 least 3,000 psi. 

6. The process according to Claim 4 wherein said dis- 
tal ends (36) of said protuberances (34) on each 
said roll (30 ; 32) contact said distal ends (36) of 

10 said protuberances (34) on the other said roll at said 
nip, whereby said first plurality of embossments 
(20) and said second plurality of embossments (20) 
are registered with each other, and preferably said 
rolls (30 ; 32) are loaded together with a pressure 
15 of at least 3,000 psi. 

7. A single ply paper (10) having two opposed sides, 
a first side (12) and a second side (14), said paper 
(10) being embossed and having embossments 

20 (20) extending inwardly from one said side of said 
paper towards the other said side of said paper, 
whereby said embossments (20) do not extend out- 
wardly from either said side (1 2 ; 1 4) of said paper, 
and preferably said embossments (20) comprise 
25 glassined regions in said paper. 



8. A single ply paper (1 0) according to claim 7, which 
further has domes extending outwardly from said 
first side (1 2) of said paper, and preferably said em- 
30 bossments extend inwardly from said second side 
(1 4) towards said first side (1 2) and most preferably 
each of said embossments (20) has a greater area 
than each of said domes. 

35 9. A single ply of paper (1 0) having two opposed sides, 
a first side (12) and a second side (14), said single 
ply of paper (1 0) having embossments (20) extend- 
ing inwardly from each of said first side (1 2) and said 
second side (14), wherein said embossments (20) 

40 do not extend outwardly from either said side, the 
area intermediate said embossments remaining rel- 
atively unembossed. 

10. The paper (10) according to Claim 9, said emboss- 
45 ments (20) being registered wherein said emboss- 
ments (20) extending inwardly from said first side 
(12) correspond in position to said embossments 
(20) extending inwardly from said second side (14). 

so 11. The paper (10) according to Claim 9, said emboss- 
ments (20) being offset, wherein said embossments 
(20) extending inwardly from said first side (12) do 
not correspond in position to said embossments 
(20) extending inwardly from said second side (14). 

55 
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Patentanspruche 

1. Verfahren zum Pragen eines einlagigen Papiers 
(10), wobei das Verfahren die Schritte umfaBt: 

5 

Bereitstellen zwei axial paralleler Walzen (30; 
32) nebeneinander, um einen Spalt dazwi- 
schen zu bilden, wobei jede der Walzen eine 
Achse hat, wobei die Achsen der Walzen eine 
die Zentren der Walzen verbindende Lastebe- w 
ne begrenzen, wobei wenigstens eine der Wal- 
zen eine Mehrzahl von Protuberanzen (34) hat, 
die sich von dieser radial nach auBen zu einer 
ahnlichen Mehrzahl von distalen Enden (36) er- 
strecken, wobei jede der Walzen relativunkom- *5 
primierbar ist; 

Belasten der Walzen gemeinsam in der Last- 
ebene mit einem Pragedruck von wenigstens 
1 00 psi an den distalen Enden der Protuberan- 20 
zen; 

Bereitstellen eines einlagigen Papiers (10) mit 
einer einander entgegen gesetzten ersten und 
zweiten Seite (12;/I4), die durch die Dicke des 25 
Papiers voneinander getrennt sind; 

Anordnen des Papiers in dem Spalt zwischen 
den Walzen; 

30 

Drehen jeder der Walzen um ihre jeweilige Ach- 
se, wodurch das Papier relativ zu den Walzen 
transportiert wird; und 

Pragen des Papiers, um eine Mehrzahl von 35 
sich nach innen erstreckenden Pragungen (20) 
entsprechend den distalen Enden der Protube- 
ranzen zu schaffen, wobei die Pragungen (20) 
zwischen der ersten Seite (12) und der zweiten 
Seite (14) des Papiers liegen, wobei sich die 40 
Pragungen (20) nichtuberbeide Seiten (12; 14) 
des Papiers hinaus erstrecken. 

2. Verfahren nach Anspruch 1 , in welchem eine der 
Walzen (30) Protuberanzen (34) hat, die sich von 45 
dieser erstrecken, und eine der Walzen (32) eine 
relativ glatte Oberflache hat und vorzugsweise der 
Schritt des Pragens des Papiers ein Papier mit Pra- 
gungen (20) erzeugt, die sich von einer der Seite 
des Papiers unidirektional nach innen erstrecken. so 

3. Verfahren nach Anspruch 1 , in welchem das Papier 
(10) Durchluft getrocknet ist und Wolbungen hat, 
die sich von der ersten Seite des Papiers nach au- 
Ben erstrecken, und vorzugsweise das Papier in 55 
dem Spalt so angeordnet ist, daB die Wolbungen 
von Protuberanzen (34) weg gerichtet sind, wo- 
durch sich beim Pragen die Pragungen (20) von der 



zweiten Seite (14) des Papiers nach innen erstrek- 
ken. 

4. Verfahren zum Pragen eines einlagigen Papiers 
(10), wobei das Verfahren die Schritte umfaBt: 

Bereitstellen zwei axial paralleler Walzen (30; 
32) nebeneinander, um einen Spalt dazwi- 
schen zu bilden, wobei jede der Walzen eine 
Achse hat, wobei die Achsen der Walzen eine 
die Zentren der Walzen verbindende Lastebe- 
ne begrenzen, wobei jede der Walzen eine 
Mehrzahl von Protuberanzen (34) hat, die sich 
von dieser radial nach auBen erstrecken, wobei 
jede Protuberanz mit einem distalen Ende (36) 
endet; 

Belasten der Walzen (30, 32;) zusammen in der 
Ebene, um einen Pragedruck von wenigstens 
1 000 psi an den distalen Enden (36) der Protu- 
beranzen zu schaffen; 

Bereitstellen einer einzelnen Lage eines Pa- 
piers (1 0) mit zwei entgegen gesetzten Seiten, 
einer ersten Seite (12) und einer zweiten Seite 
(14) wobei die erste Seite (12) und die zweite 
Seite (14) durch die Dicke des Papiers vonein- 
ander getrennt sind; 

Anordnen des Papiers (1 0) zwischen der Walze 
(30; 32) in dem Spalt; . 

Drehen jeder der Walzen um ihre jeweilige Ach- 
se, wodurch das Papier relativ zu den Walzen 
transportiert wird; und 

Pragen des Papiers (10) um eine erste Mehr- 
zahl der Pragungen (20) zu schaffen, die sich 
von der ersten Seite (12) des Papiers zu der 
zweiten Seite (14) des Papiers hin nach innen 
erstrecken, und eine zweite Mehrzahl von Pra- 
gungen (20) zu schaffen, die sich von zweiten 
Seite (14) des Papiers zu der ersten Seite (12) 
des Papiers hin nach innen erstrecken, wobei 
sich die Pragungen sich nicht uber beide Seiten 
hinaus erstrecken. 

5. Verfahren nach Anspruch 4, in welchem die Protu- 
beranzen (34) jeder Walze (30; 32) den Umfang der 
anderen Walze an dem Spalt beruhren, wobei beim 
Pragen des Papiers (10) die erste Mehrzahl von 
Pragungen (20) und die zweite Mehrzahl von Pra- 
gungen (20) zueinanderversetztsind und vorzugs- 
weise der Pragedruck wenigstens 3.000 psi be- 
tragt. 

6. Verfahren nach Anspruch 4, in welchem die distalen 
Enden (36) der Protuberanzen (34) auf jeder Walze 
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(30; 32) die distalen Enden (36) der Protuberanzen 
(34) auf der anderen Walze an dem Spalt beruhren, 
wodurch die erste Mehrzahl von Pragungen (20) 
und die zweite Mehrzahl von Pragungen (20) lage- 
genau miteinander ausgerichtet sind und vorzugs- 
weise die Walzen (30; 32) mit einem Druck von we- 
nigstens 3.000 psi zueinander belastet sind. 

7. Einlagiges Papier (1 0) mit zwei entgegen gesetzten 
Seiten, einer ersten Seite (12) und einer zweiten 
Seite (14), wobei das Papier (10) gepragt ist und 
Pragungen (20) aufweist, die sich von einer Seite 
des Papiers zu der anderen Seite des Papiers hin 
nach innen erstrecken, wodurch sich die Pragun- 
gen, (20) nicht von beiden Seiten (12; 14) des Pa- 
piers nach auBen erstrecken, und vorzugsweise 
umfassen die Pragungen (20) glassinierte Regio- 
nen in dem Papier. 

8. Einlagiges Papier (10) nach Anspruch 7, welches 
ferner Wolbungen hat, die sich von der ersten Seite 
(12) des Papiers nach auBen erstrecken, und vor- 
zugsweise erstrecken sich die Pragungen von der 
zweiten Seite (1 4) zu der ersten Seite (1 2) hin nach 
innen, und ganz bevorzugt hat jededer Pragungen 
(20) eine groGere Flache als jede der Wolbungen. 

9. Einzellage von Papier (10) mit zwei entgegen ge- 
setzten Seiten, einer ersten Seite (12) und einer 
zweiten Seite (1 4), wobei die Einzellage aus Papier 
(10) Pragungen (20) hat, die sich von jeder der er- 
sten Seite (12) und der zweiten Seite (14) nach in- 
nen erstrecken, wobei sich die Pragungen (20) 
nicht von den beiden Seiten nach auBen erstrek- 
ken, wobei der Bereich zwischen den Pragungen 
relativ ungepragt bleibt. 

1 0. Papier (1 0) nach Anspruch 9, wobei die Pragungen 
(20) lagegenau sind, wobei die Pragungen (20), die 
sich von der ersten Seite (12) nach innen erstrek- 
ken, in ihrer Position mit den Pragungen (20) kor- 
respondieren, die sich von der zweiten Seite (14) 
nach innen erstrecken. 

1 1 . Papier (1 0) nach Anspruch 9, wobei die Pragungen 
(20) versetzt sind, wobei die Pragungen (20), die 
sich von der ersten Seiten (12) nach innen erstrek- 
ken, nicht in ihrer Position mit den Pragungen (20) 
korrespondieren, die sich von der zweiten Seite 
(14) nach innen erstrecken. 



Revendications 

1. Procede pour gaufrer une seule epaisseur de pa- 
pier (1 0), ledit procede comprenant les etapes con- 
sistant a : 



prevoir deux rouleaux axialement paralieles 
(30 ; 32) juxtaposes pour former un pincement 
entre eux, chacun desdits rouleaux ayant un 
axe, lesdits axes desdits rouleaux definissant 

5 un plan de charge reliant les centres desdits 

rouleaux, au moins Tun desdits rouleaux ayant 
une pluralite de protuberances (34) s'etendant 
radialement vers I'exterieur a partir de celui-ci 
a une pluralite d'extremites distales (36), cha- 

10 cun desdits rouleaux etant relativement 

incompressible ; 

charger lesdits rouleaux conjointement dans le- 
dit plan de charge avec une pression de gau- 
frage d'au moins 1000 psi aux extremites dis- 

15 tales desdites protuberances ; 

prevoir une seule epaisseur de papier (10) 
ayant des premier et deuxieme cotes opposes 
(12, 14) separes par I'epaisseur dudit papier ; 
interposer ledit papier dans ledit pincement en- 

20 tre lesdits rouleaux ; 

faire tourner chacun desdits rouleaux autour de 
son axe respectif, si bien que ledit papier est 
transports par rapport auxdits rouleaux ; et 
gaufrer ledit papier pour obtenir une pluralite de 

25 gaufrages s'etendant vers I'interieur (20) cor- 

respondent auxdites extremites distales desdi- 
tes protuberances, lesdits gaufrages (20) etant 
situes entre ledit premier cote (12) et ledit 
deuxieme cote (1 4) dudit papier, si bien que les- 

30 dits gaufrages (20) ne s'etendent pas vers I'ex- 

terieur au-dela de Tun ou I'autre desdits cotes 
(12, 14) dudit papier. 

2. Procede selon la revendication 1 , dans lequel I'un 
35 desdits rouleaux (30) presente des protuberances 

(34) s'etendant a partir de celui-ci etl'un desdits rou- 
leaux (32) presente une surface relativement lisse 
et, de preference, ladite etape de gauf rage dudit pa- 
pier produit du papier ayant des gaufrages (20) 
40 s'etendant unidirectionnellementvers I'interieur de- 
puis ledit cote dudit papier. 

3. Procede selon la revendication 1 , dans lequel ledit 
papier (1 0) est seche par air traversant et presente 

45 des domes s'etendant vers I'exterieur a partir dudit 
premier cote dudit papier et, de preference, ledit pa- 
pier est interpose dans ledit pincement avec lesdits 
domes orientes a distance desdites protuberances 
(34), si bien que lors du gaufrage, lesdits gaufrages 

50 (20) s'etendent vers I'interieur a partir dudit deuxie- 
me cote (14) dudit papier. 

4. Procede pour gaufrer une seule epaisseur de pa- 
pier (10), ledit procede comprenant les etapes con- 

55 sistani a : 

prevoir deux rouleaux axialement paralieles 
(30 ; 32) juxtaposes pour former un pincement 
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entre eux, chacun desdits rouleaux ayant un 
axe, lesdits axes desdits rouleaux definissant 
un plan de charge reliant les centres desdits 
rouleaux, chacun desdits rouleaux ayant une 
plurality de protuberances (34) s'etendant ra- 
dialement vers I'exterieur a partir de celui-ci, 
chacune desdites protuberances se terminant 
a une extremite distale (36); 
charger lesdits rouleaux (30, 32) conjointement 
dans ledit plan pour obtenir une pression de 
gaufrage d'au moins 1000 psi aux extremites 
distales (36) desdites protuberances ; 
prevoir une seule epaisseur de papier (10) 
ayant deuxcot6s opposes, un premier cote (12) 
et un deuxieme cote (14), ledit premier cote 
(12) et ledit deuxieme cote (14) etant separes 
par I'epaisseur dudit papier ; 
interposer ledit papier (10) entre lesdits rou- 
leaux (30, 32) dans ledit pincement ; 
faire toumer chacun desdits rouleaux autour de 
son axe respectif, si bien que ledit papier est 
transports par rapport auxdits rouleaux ; et 
gaufrer ledit papier (10) pour obtenir une pre- 
miere plurality desdits gaufrages (20) s'eten- 
dant vers I'interieur a partir dudit premier cote 
(12) dudit papier vers ledit deuxieme cote (14) 
dudit papier, et une deuxieme pluralite desdits 
gaufrages (20) s'etendant vers I'interieur a par- 
tir dudit deuxieme cote (14) dudit papier vers 
ledit premier cote (12) dudit papier, si bien que 
lesdits gaufrages ne s'etendent pas vers I'exte- 
rieur au-dela de Tun ou Pautre desdits cotes. 

5. Precede selon la revendication 4, dans lequel les- 
dites protuberances (34) de chaque dit rouleau (30, 

. 32) viennent au contact de la peripherie de I'autre 
dit rouleau audit pincement, dans lequel lors du 
gaufrage dudit papier (10), ladite premiere pluralite 
de gaufrages (20) et ladite deuxieme pluralite de 
gaufrages (20) sont mutuellement decaiees Tune 
de I'autre et, de preference, ladite pression de gau- 
frage est d'au moins 3000 psi. 

6. Procede selon la revendication 4, dans lequel les- 
dites extremites distales (36) desdites protuberan- 
ces (34) sur chaque dit rouleau (30 ; 32) viennent 
au contact desdites extremites distales (36) desdi- 
tes protuberances (34) sur I'autre dit rouleau au ni- 
veau dudit pincement, si bien que ladite premiere 
pluralite de gaufrages (20) et ladite deuxieme- plu- 
ralite de gaufrages (20) sont en coincidence Tune 
avec I'autre et, de preference, lesdits rouleaux (30 ; 
32) sont charges conjointement avec une pression 
d'au moins 3000 psi. 

7. Papier a une seule epaisseur (1 0) ayant deux cotes 
opposes, un premier cote (12) et un deuxieme cote 
(14), ledit papier (1 0) etant gaufre et ayant des gau- 



frages (20) s'etendant vers I'interieur, depuis i'un 
desdits cotes dudit papier vers I'autre desdits cotes 
dudit papier, si bien que lesdits gaufrages (20) ne 
s'etendent pas vers I'exterieur depuis I'un ou I'autre 
5 desdits cotes (12, 14) dudit papier et, de preferen- 
ce, lesdits gaufrages (20) comportent des regions 
vitrifiees dans ledit papier . 

8. Papier a une seule epaisseur (1 0) selon la revendi- 
10 cation 7, qui, en outre, comporte des domes s'eten- 
dant vers I'exterieur depuis ledit premier cote (12) 
dudit papier et, de preference, lesdits gaufrages 
s'etendent vers I'interieur a partir dudit deuxieme 
cote (14) vers ledit premier cote (12) et, de prefe- 

15 rence, chacun desdits gaufrages (20) presente une 
etendue superieure a chacun desdits domes. 

9. Papier a une seule epaisseur (1 0) ayant deux cotes 
opposes, un premier cote (1 2) et un deuxieme cote 

20 (14), ladite epaisseur unique de papier (10) ayant 
des gaufrages (20) s'etendant vers I'interieur de- 
puis chacun dudit premier cote (12) et dudit deuxie- 
me c6te (14), dans lequel lesdits gaufrages (20) ne 
s'etendent pas vers I'exterieur depuis I'un ou I'autre 

25 desdits cotes, I'etendue entre lesdits gaufrages res- 
tant essentiellement non gaufree. 

10. Papier (10) selon la revendication 9, lesdits gaufra- 
ges (20) etant en coincidence, dans lequel lesdits 

30 gaufrages (20) s'etendant vers I'interieur a partir du- 
dit premier cote (12) correspondent en position 
auxdits gaufrages (20) s'etendant vers I'interieur a 
partir dudit deuxieme cot6 (14). 

35 11. Papier (1 0) selon la revendication 9, lesdits gaufra- 
ges (20) etant decaies, dans lequel lesdits gaufra- 
ges (20) s'etendant vers I'interieur a partir dudit pre- 
mier cote (12) ne correspondent pas en position 
auxdits gaufrages (20) s'etendant vers I'interieur a 

40 . partir dudit deuxieme cote (14). 
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